INTRODUCTION
The number of circulating CD4 + T lymphocytes (CD4N) in patients with human immunodeficiency virus (HIV) has well-validated predictive value for assessing HIV disease stage, predicting progression to clinical AIDS and AIDS-related death, determining antiretroviral treatment eligibility, and monitoring response to therapy [1] [2] [3] [4] . However, despite widespread reliance on CD4N, debate persists as to whether CD4N or CD4 + T-lymphocyte percentage (CD4%) is the most appropriate HIV disease marker [5] [6] [7] [8] . Of particular concern, substantial discordance between CD4N and CD4% has recently been reported in patients with liver cirrhosis. Among 60 HIV-seronegative adults with biopsy-proven liver cirrhosis, McGovern et al [9] demonstrated that 65% had low CD4N, yet 95% had normal CD4%. The authors hypothesized that global splenic sequestration of blood cell lines, including lymphocytes, occurred secondary to portal hypertension. If discordance between CD4N and CD4% also occurs in HIV-infected persons with liver disease, reliance of clinicians on the lower CD4N relative to the CD4% could result in variation in timing of initiation of highly active antiretroviral therapy (HAART) or interpretation of HAART responses. These concerns have heightened discussion regarding the appropriateness of updating HIV treatment guidelines for persons with cirrhosis [10, 11] . Further, it remains unknown what degree of liver disease may be associated with discordance. To help in resolving these issues, systematic evaluation of CD4N and CD4% concordance among HIV-infected persons with standardized assessment of underlying liver disease is needed. In the current study, we evaluated the prevalence and identified correlates of discordance between CD4N and CD4% among a predominantly black population of HIV-infected injection drug users (IDUs) with a high prevalence of hepatitis C virus (HCV) infection. Importantly, we used transient elastography to systematically ascertain the severity of liver fibrosis or cirrhosis among all study participants.
METHODS

Selection and Description of Participants
The AIDS Linked to the Intravenous Experience (ALIVE) cohort was designed to identify predictors of HIV acquisition and to study the natural history of HIV infection among IDUs, as described in detail previously [12] . In brief, HIVinfected and uninfected IDUs were enrolled through community-based recruitment in Baltimore, Maryland, in 1988 Maryland, in -1989 . Eligibility criteria included age of ≥18 years and history of intravenous drug use. Subsequently, participants were followed with collection of detailed behavioral and clinical data and laboratory testing performed at 6-month study visits. Additional participants were recruited in [1994] [1995] 1998 , and 2005-2008 using a similar recruitment strategy and eligibility criteria. For the current analysis, ALIVE participants were included if they were HIV-infected with available data for CD4N, CD4%, HAART status, and transient elastography from the same study visit (Table 1 ; N = 287).
Description of Data
Demographic and behavioral information was obtained from ALIVE study visits. The definition of self-reported recent HAART use has been explained in detail elsewhere [13] ; in brief, HAART was defined as receipt of 1 of the following antiretroviral combinations in the preceding 6 months: (1) protease inhibitor (PI) + 2 nucleoside reverse transcriptase inhibitors (NRTIs), (2) nonnucleoside reverse transcriptase inhibitor (NNRTI) + 2 NRTIs, (3) abacavir in combination with at least 2 other NRTIs, or (4) PI + NNRTI + NRTI.
Laboratory Testing
Measurements of T-cell subsets were obtained using heparinized whole blood stained with monoclonal antibodies using a modified whole blood method [14, 15] . Measurements of CD4% and white blood cells were determined by standard flow cytometry. CD4N, the product of the total lymphocyte count (TLC) and the CD4%, was determined from the flow cytometry and automated complete blood cell count and differential results [4] . HIV antibody, HCV antibody, HCV RNA, hepatitis B virus (HBV) surface antigen, and liver enzyme testing (aspartate aminotransferase and alanine aminotransferase) was performed using standard assays as described elsewhere [4, 12, [16] [17] [18] .
Liver Fibrosis Assessment
Transient elastography (FibroScan; Echosens, Paris, France) was routinely performed at ALIVE study visits to calculate liver stiffness measurement (LSM) reflective of the degree of liver fibrosis and expressed in kilopascals (kPa) [19] . LSM scores ≥9.3 kPa were considered indicative of the presence of significant liver fibrosis (equivalent to Metavir score ≥F2) and ≥12.3 kPa indicative of liver cirrhosis (equivalent to Metavir score F4) based on prior elastography validation studies performed in this population [20] .
Statistical Analysis
To determine concordance or discordance between CD4N and CD4%, we used previously published categorizations consistently used in prior studies among HIV-infected populations (see x-and y-axes, Table 2 ) [3, 6, 21, 22] . Concordance was defined as agreement of the CD4% relative to 5 categories of CD4N. Subsequently, high discordance was defined as when the CD4% was in a higher category relative to the expected CD4N, and conversely, low discordance was defined to occur when the CD4% category was lower than the expected CD4N. A percentile-based method of defining discordance was also explored whereby individuals were categorized into 10 groups of CD4N; an individual was then labeled as high discordant if the CD4% was above the 90th percentile of CD4% in that group, and classified as low discordant if the CD4% was below the 10th percentile of CD4% in that group. However, this method for determining discordance yielded qualitatively similar results (data not shown).
Student t test and χ 2 tests were used to evaluate differences in demographic and clinical characteristics between participants with and without significant liver fibrosis (LSM ≥9.3 kPa). Logistic regression was used to determine significant associations between individual covariates and discordance between CD4N and CD4% in the univariate analysis (P < .10). Discordance was defined as either high (CD4% > CD4N) or low (CD4N > CD4%) and predictors of each type were analyzed independently. Analyses were conducted with LSM dichotomized at 9.3 kPa and 12.3 kPa, and as a categorical variable including both cutpoints. In order to account for the effect of HAART on HIV viral load, HAART and viral load were analyzed as separate variables and also as a combined variable. Subset analyses were conducted among patients with CD4N ≤/>350 cells/μL and TLC of ≤/>1200 cells/μL. The CD4N cutpoint represents the level recommended for initiating (rather than considering) HAART in the United States, whereas the TLC cutpoint was previously used in World Health Organization guidelines for HIV treatment in resource-limited countries [23] .
Stepwise procedures were utilized to construct multivariable logistic regression models to predict the odds of discordance. Multivariable analyses began with all variables identified in the univariate analysis using a cutoff significance level of P < .10. Demographic factors (age, sex, and race) were forced into models as they are known confounders of CD4N and CD4% [24] [25] [26] [27] . Pearson test was used to evaluate goodnessof-fit, and variance inflation factors were examined for evidence of collinearity. Analyses were conducted using Stata software, version 10.0 (StataCorp, College Station, TX).
RESULTS
Study Participants
The median age of participants was 47.5 years; 94.1% were black, and 64.5% were males (Table 1) . Approximately 43% of participants reported injection drug use in the past 6 months, while a little more than half of participants reported recent alcohol consumption. Overall, 54.6% had detectable HIV RNA and 46.7% had received HAART within the preceding 6 months; the median CD4N was 282 cells/μL and median CD4% was 22%. Significant liver fibrosis, defined as LSM ≥9.3 kPa, was present in 90 (31.4%) participants, although few had elevated liver enzymes. No statistically significant differences in demographic or behavioral variables were noted between those with or without liver fibrosis (data not shown).
CD4N and CD4% Distribution
In examination of the distribution of CD4% across categories of CD4N (Figure 1 ), at CD4 cell counts ≤350 cells/μL, there was a positive correlation between CD4N and CD4% measurements (r = 0.73). This effect diminished with CD4 + counts >350 cells/μL (r = 0.35).
CD4N and CD4% Concordance and Discordance
Concordance and discordance between CD4N and CD4% measurements were also examined within previously established categories (Table 2) . Of 287 participants, 134 (46.7%) had concordant measures, 99 (34.4%) were classified as high discordant (ie, CD4% > CD4N), and 54 (18.8%) were classified as low discordant (ie, CD4% < CD4N).
Correlates of high discordance were examined by univariate and multivariable logistic regression (Table 3) . Demographic, behavioral, and most clinical parameters were not strongly associated with high discordance. There was a suggestion that increasing alcohol consumption may increase the odds of high discordance, although with limited numbers the estimates were imprecise. In univariate and multivariable analysis adjusting for age, sex, and race, the presence of liver fibrosis was associated with an increased likelihood of high discordance (Table 3 , model 1), although this did not achieve statistical significance. Of note, elastography-defined cirrhosis (LSM ≥12.3 kPa) was not more strongly associated with high discordance than was the presence of significant liver fibrosis (LSM ≥9.3 kPa; data not shown).
High discordance of CD4% relative to CD4N was noted to be extremely common among participants with TLC <1200 cells/μL (76%) compared to those with TLC values above this level (24%, P < .001). Among the subset of participants with TLC <1200 cells/μL (Table 3 , model 2), liver fibrosis was strongly associated with high discordance (odds ratio [OR], 2.66; 95% confidence interval [CI], 1.11-6.40). In contrast, there were no significant predictors of high discordance in participants with TLC ≥1200 cells/μL. Similarly, no differences were found between those with lower versus higher CD4N, dichotomized at 350 cells/μL.
Predictors of low discordance (CD4% low relative to CD4N) were also examined. After adjusting for age, sex, race, and alcohol use, recent HAART use was found to significantly increase the odds of low discordance (OR, 2.53; 95% CI, 1.27-5.06). In this model, weekly alcohol use was associated with reduced odds of low discordance (OR, 0.40; 95% CI, .19-.83; P < .05). No other factors were significantly associated with low discordance nor were there qualitative differences found in subgroup analyses by TLC and CD4 cell count (data not shown).
DISCUSSION
Accurate evaluation of immune status in HIV-infected persons is critical to assessing HIV disease progression, for determining when to initiate therapy, and for monitoring therapeutic response. In this study of well-characterized HIV-infected IDUs with a high prevalence of HCV coinfection, we identified a high degree of discordance between CD4N and CD4%. The use of noninvasive transient elastography afforded us the opportunity to systematically ascertain liver fibrosis on all patients, obviating the reliance on liver biopsy, which has limited patient acceptance. Previously, transient elastography has been validated to perform well as an indicator of liver fibrosis and cirrhosis in both our and other study populations [20, 28, 29] . A recent study by Montes et al [30] demonstrated decreased CD4N associated with hepatic stiffness as measured by transient elastography. Our study extends the earlier findings of McGovern et al [9] that demonstrated low CDN but normal CD4% in HIV-negative patients with biopsy-proven cirrhosis to include HIV-infected persons with less advanced liver disease. We found that participants with significant liver fibrosis (LSM ≥9.3 kPa) were more likely to have higher CD4% than what would be expected based on the CD4N. Notably, this association was strongest in those with substantial lymphopenia, as characterized by TLC <1200 cells/μL. In total, these data suggest that liver disease-related lymphopenia may contribute to CD4N/% discordance.
Prior studies have yielded conflicting results regarding the use of CD4N over CD4% as a prognostic indicator in HIV infection. Indeed, some studies conducted early in the epidemic found a greater prognostic value for CD4% as compared with CD4N [5, 8] . In 2005, Hulgan et al [6] reported that CD4% served as a useful indicator of when to begin treatment in patients with CD4N >350 lymphocytes/μL and more recently demonstrated that CD4% and CD4N were independent predictors of disease progression in patients initiating HAART [7] . In 2009, Guiguet et al [31] showed CD4% to be predictive of clinical progression independent of CD4N and viral load. However, Gebo et al [21] found that absolute CD4N was "the more important measure of immune status" and would be Figure 1 . Boxplots of the distribution of CD4 cell percentages by absolute CD4 cell counts among human immunodeficiency virus-infected participants. The box displays the interquartile range (depicting the 25th and 75th percentiles) surrounding the median value. The whiskers represent values falling within 1.5 times the 25th and 75th percentiles and outliers (solid dots) depict values that fall outside this range.
"preferred over the CD4% for making treatment decisions in HIV-infected adults."
In our study, more than three-fourths of persons with marked lymphopenia (TLC <1200 cells/μL) had higher CD4% relative to the CD4N. The etiology of lymphopenia in our study participants may be multifactorial, with contributions from HIV infection, alcohol, and other factors in addition to liver disease. Progressive HIV infection leads eventually to loss of T-cell homeostasis and declines in the number of circulating CD4 and CD8 lymphocytes; TLC also declines concurrently with these changes [32] . In resource-limited countries, TLC serves as a useful marker of HIV disease progression [23] ; to our knowledge, these data have not been evaluated in relation to liver fibrosis. Natural history data in US populations also documented that TLC declines are predictive of development of AIDS [33] , again without regard to the presence of liver disease. Among treated patients, antiretrovirals and other drugs commonly used in HIV-infected patients may be associated with lymphopenia. Alcohol use may directly contribute to lymphopenia even in the absence of alcoholrelated liver disease [34] . Acute bacterial infections may induce lymphopenia [35] . Liver fibrosis in HCV-infected patients has been associated with lower CD4N [36] , although HCV infection has also been reported to contribute to decreased CD4N through pathways independent of hepatic mechanisms, such as via increased apoptosis [37] . Notably, chronic HCV infection does not appear to substantially impact TLC counts [38] . In addition, both HCV coinfection High discordance: where CD4 cell percentage measures high relative to the absolute CD4 cell count. There were 134 persons in the concordant group and 99 in the high discordance group.
Abbreviations: ALT, alanine aminotransferase; AOR, adjusted odds ratio; AST, aspartate aminotransferase; CI, confidence interval; HAART, highly active antiretroviral therapy; HBsAg, hepatitis B virus surface antigen; HCV Ab, hepatitis C virus antibody; HIV, human immunodeficiency virus; LSM, liver stiffness measurement by elastography; OR, odds ratio; TLC, total lymphocyte count. a Dropped due to inestimability as all patients in this group were black.
[39] and injection drug use [40] have been associated with poorer immune reconstitution following initiation of HAART, though these studies did not routinely assess liver disease severity and these effects remain controversial [41] . Irrespective of the potential contribution of these other factors, liver disease likely remains a primary underlying cause of lymphopenia and associated alterations in CD4 lymphocyte numbers in our HIV/HCV-coinfected participants. We report an increase in CD4% to CD4N discordance associated with liver fibrosis. Lymphopenia and perturbations of T-cell subsets have been well described in patients with liver cirrhosis [42] [43] [44] . Even prior to the AIDS epidemic, persons with hemophilia were recognized to have persistent lymphopenia, which was strongly associated with advanced liver disease and liver-related mortality [45] . Similarly, in HIV-uninfected persons with hemophilia at high risk for HIV infection, CD4 + lymphopenia was attributed primarily to the total lymphopenia caused by underlying liver disease [46] .
In most prior studies, CD4 + lymphopenia has been described primarily in advanced liver disease, generally in the setting of portal hypertension and cirrhosis [9, 42, 44] . The primary underlying mechanism has been suggested to involve splenic sequestration of cell lines. However, we did not observe greater CD4%/CD4N discordance among persons with cirrhosis compared to those with any liver fibrosis (corresponding to Metavir fibrosis stage F2), although these analyses were limited by smaller numbers of cirrhotic patients. Although splenic sequestration may occur to some degree at earlier stages of fibrosis, these data suggest that additional explanations for the mechanism of CD4% to CD4N discordance should be evaluated. From a clinical standpoint, the utility of using CD4% vs CD4N for HIV treatment-related decisions remains unclear. Recognizing that multiple factors can influence white blood cell counts or lymphocyte percentages, it is not surprising that CD4% demonstrates less variability from test to test than does CD4N [6] . Our data suggest that consideration of CD4% may be appropriate among persons with liver fibrosis, especially with significant lymphopenia. Antiretroviral treatment guidelines now indicate that CD4% would be the most appropriate parameter to evaluate when factors such as acute infections, splenectomy, or medications are likely to influence white blood cell counts and differentials [47] . From a practical standpoint, our findings suggest a relatively simple approach could be for clinicians to evaluate CD4% in addition to CD4N whenever a patient's TLC is <1200 cells/μL. For HAART initiation, consideration of CD4% in persons with liver disease may be of reduced importance, as the relatively lower CD4N may actually lead to these persons being started on therapy earlier relative to persons without liver disease. This would be consistent with the recent evolution of treatment recommendations that suggest consideration of earlier treatment in HIV-infected persons coinfected with HBV or HCV [2, 47] .
From a research standpoint, it should be recognized that systematic differences in assessment of immune status may occur based on the presence of liver disease, which is highly correlated to hepatitis coinfection. For example, in trials where CD4N-guided therapy resulted in antiretroviral treatment interruptions [48] , it is possible that coinfected persons might actually have had even higher CD4% values at interruption relative to persons without coinfection. Further, CD4N/% discordance occurring selectively in hepatitis-coinfected patients may confound interpretation of similar rates of opportunistic disease or of increased risk for nonopportunistic disease reported in coinfected compared to HIV-monoinfected patients [49, 50] .
Our study had some limitations. With a larger sample size, we might have observed a statistically significant effect of liver fibrosis on CD4%/CD4N discordance among all participants, not just those with TLC <1200 cells/μL. We also may have seen a stronger effect among those with cirrhosis compared to those with significant fibrosis. Our study represents a single urban site consisting primarily of HIV/HCV-coinfected black IDUs. As such, it may not be generalizable to other populations. However, our population is largely reflective of the HIV/HCV-coinfected population in the United States. Finally, this is a cross-sectional study, so correlation to clinical outcomes such as progression to AIDS or mortality was not possible.
In summary, we found that liver fibrosis was associated with a higher CD4% relative to the CD4N in HIV-infected persons, especially when TLC <1200 cells/μL. Based on these data, clinicians may need to consider incorporating CD4% into the decision-making process of providing appropriate care to HIV-infected persons with underlying liver fibrosis. Notably, TLC <1200 cells/μL could provide a useful and readily available marker to prompt evaluation of CD4%. To definitively address these issues, future studies should directly compare the prognostic value of CD4N and CD4% in predicting clinical outcomes in populations with a range of severity of liver disease. Elastography or other noninvasive fibrosis markers may allow such studies to be performed on a scale large enough to allow conclusive determinations regarding use of CD4N and CD4%.
Notes
